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Background. Phrynops geoffroanus is a small turtle that inhabits lakes, rivers, and streams throughout South America. The body fat
of this animal is used as a folk medicine in Brazil for treating illnesses such as sore throats, ear aches, mumps, rheumatism, and
arthritis. The present study evaluated the antimicrobial activity of oil extracted from Phrynops geoffroanus (OPG), determined its
chemical composition, and discussed the implications of its use in traditional medicine. The OPG was obtained from the ventral
region of this turtle using hexane as a solvent. The antimicrobial activity of OPG was tested against standard and multiresistance
strains of bacteria and fungi and its composition was determined indirectly by analyzing the methyl esters of the component fatty
acids. The OPG presented a clinically relevant antifungal activity against Candida krusei ATCC 6258 (MIC 128 pg/mL). When the
OPG was associated with the antibacterial and antifungal drugs, was observed a synergistic effect when associated the OPG with
the gentamicin against the strain Pseudomonas aeruginosa 22. Our results indicated that OPG has clinically relevant antifungal
activity against C. krusei, and demonstrated synergetic antibacterial activity in combination with commercial antibiotics against
Pseudomonas aeruginosa.

1. Background

Reptiles are frequently used in making traditional medicines
and their roles in folk practices for curing and/or preventing
illnesses have been recorded in many different social-cultural
contexts throughout the world [1-4]. Historical documents
show that animals have been used in traditional medicinal

practices at least since the first colonization of Brazil [5],
and studies by Alves et al. [6] have documented the use
of natural products derived from reptiles (including leather,
teeth, fat, meat, and bones) as foods and for ornamental and
medicinal purposes in rural and urban areas of that country.
Freshwater turtles are included among the many animals used
in traditional folk medicine and their shells, blood, eggs,
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and body fat are sought after as zootherapeutic elements in
northeastern Brazil [7, 8].

Among the 278 species of turtles in the world, approxi-
mate 20% occur in South America in 20 families; the most
species rich family is Chelidae, with a total of 23 species (19
of which occur in Brazil, where they are popularly known as
“cagados” [9].

Phrynops geoffroanus is a small turtle with a predomi-
nantly carnivorous diet [10]. It is popularly known as “cdgado-
de-barbela” and is widely distributed in South American
countries [11, 12] in lakes, rivers, and streams with relatively
large volumes of water [13].

P geoffroanus is used by many traditional communities
in Brazil as a zootherapeutic [14, 15]—principally its fixed
oil from body fat—to treat illnesses such as sore throats, ear
aches, mumps, rheumatism, and arthritis [16]. Many of these
maladies (inflammations and dermatitis) are associated with
pathogenic organisms, including bacteria and fungi, which
suggest the existence of antimicrobial activity associated with
this turtle species, although no laboratory studies have yet
examined the efficiency of this popular folk remedy.

As such, the present work identified the chemical compo-
nents of the body fat of Phrynops geoffroanus and evaluated
its antimicrobial activity (either alone or in association
with antibiotics and antifungal drugs) and discusses the
implications of its use as a traditional remedy.

2. Methods

2.1. Zoological Material. Specimens of Phrynops geoffroanus
were collected in the municipality of Aiuaba (06°36'S x
40°07' W) in Ceara State, Brazil, in September/2011 using
active collection techniques [17]. The specimens were sub-
sequently anesthetized using ketamine (60 mg/Kg) and
xylazine (6 mg/Kg) [18] and sacrificed, and their body fat
was removed. Reference specimens were fixed in 70% ethyl
alcohol and deposited in the zoological collection at the
Cariri Regional University—URCA (collection numbers LZ-
URCA 1328 and LZ-URCA 1329). This work was approved by
the Animal Ethics Committee of the Universidade Regional
do Cariri—URCA under the Reference no.: 04/2012.

2.2. Preparation of the Oil from Phrynops geoffroanus (OPG).
The fixed oils present in body fat located in the ventral regions
of the turtles were extracted with hexane (60°C) for 6h in
a Soxhlet apparatus. The hexane was subsequently decanted
and filtered and the solvent was removed by heating in a water
bath at 70°C for 2 h; the extracted oil was subsequently stored
in a freezer for future analysis.

2.3. Determination of the Fatty Acids. The fatty acids in
the OPG were analyzed indirectly by identifying their
corresponding methyl esters. The extracted oil (0.2 g) was
saponified by refluxing for 30 min. in a solution of potas-
sium hydroxide and methanol, following the methodology
described by Hartman and Lago [19]. The pH of the extract
was adjusted, and the free fatty acids were methylated by acid
catalysis to generate their methyl esters.
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2.4. Analysis of OPG by Gas Chromatography Coupled to a
Mass Spectrometer (GC/MS). The analysis of volatile con-
stituents was carried out in a Hewlett-Packard GC/MS, model
5971, using the nonpolar DB-1 fused silica capillary column
(30m x 0.25mm id., 0.25um film), eluted with helium
gas at 8mL/min with split mode. Injector and detector
temperatures were set to 250°C and 200°C, respectively. The
column temperatures was programmed from 35°C to 180°C
at 4°C/min and then from 180°C to 250°C at 10°C/min. Mass
spectra were recorded from 30 to 450 m/z, with an electron
beam energy of 70eV. The individual components were
identified by computer MS library searches, using retention
indices as a preselection routine and visual inspection of the
spectra from the literature for confirmation [20], as well as by
visually comparing standard fragmentation to that reported
in the literature [21, 22].

2.5. Microorganisms. Experiments were undertaken using
clinical isolates of the bacteria Escherichia coli (EC27), Staphy-
lococcus aureus 358 (SA358), and Pseudomonas aeruginosa
(PA22). The strains Escherichia coli ATCC-10536, Staphylo-
coccus aureus ATCC-25923, Pseudomonas aeruginosa ATCC-
15442, and Klebsiella pneumoniae ATCC-4362 were used as
positive controls. Isolates of Candida albicans ICB12 and
Candida krusei 6258 were used to evaluate antifungal activity,
as well as in the modulation tests [23]. All of the lineages were
maintained in heart infusion agar slants (HIA, Difco). The
cells were cultivated during the night before the trials at 37°C
in a Brain Heart Infusion medium (BHI, Difco).

2.6. Drugs. The antibiotics gentamicin, amikacin, and
neomycin were obtained from Sigma Chemical Corp.,
St. Louis, MO, USA. The antifungal drugs used were
amphotericin B (Sigma Co., St. Louis, USA), mebendazol
(Lasa—Pharmaceutical Industries LTDA., Brazil), nystatin
(Laboratorio Teuto Brasileiro S/A, Brazil), and metronidazole
benzoate (Prati, Donaduzzi and Cia LTDA., Brazil). All of
these compounds were dissolved in sterile water before use.

2.7 Tests of Drug Susceptibility. A test solution of OPG
was prepared using 20 mg of the oil dissolved in 1mL of
dimethyl sulfoxide (DMSO) (Merck, Darmstadt, Germany),
generating an initial concentration of 20 mg/mL. This solu-
tion was subsequently diluted to 1024 ug/mL with sterile
water. The minimum inhibitory concentrations (MICs) of
the oil were determined in BHI using microdilution series
with suspensions of 10° CFU/mL and drug concentrations
of 1024 ug/mL to 1 ug/mL (double dilution series) [24]. The
MIC was defined as the lowest concentration of a compound
that inhibited microbial growth. To investigate the potential
of the oil as a modulator of antibacterial and antifungal drug
activities, we determined the antibacterial (128 yg/mL) and
antifungal (16 yug/mL) MICs in subinhibitory concentrations;
the plates were incubated for 24 hours at 37°C.

3. Results

The body fat of Phrynops geoffroanus was found to be
composed of 84.63% and 13.38% of unsaturated and saturated
methyl esters, respectively (Table 1).



Evidence-Based Complementary and Alternative Medicine

TaBLE 1: GC/MS characterization of the methyl esters of the fatty
acids in oil from the body fat of P. geoffroanus.

Name T, (min)* (%)

Perlagonic acid 11,43 2,04
Pentadecylic acid 19,09 3,68
Palmitoleic acid 22,31 58,39
Caprylic acid 23,98 0,84
Linoleic acid 24,63 4,50
Linolenic acid 24,72 2,28
Oleic acid 24,83 15,70
Erucic acid 24,90 3,76

Palmitic acid 25,13 6,82
Saturated esters — 13,38
Unsaturated esters — 84,63
Total — 98,01

Retention time.

TaBLE 2: MIC values (ug/mL) of aminoglycosides against Escheri-
chia coli 27, Staphylococcus aureus 358, and Pseudomonas aeruginosa
22 in the absence and presence of 128 ug/mL of oil derived from the
body fat of P. geoffroanus.

. EC27 SA 358 PA 22
Antibiotics
MIC MIC MIC MIC
Combined Combined Combined
Amikacin 4,9 49 19,5 19,5 312,5 312,5
Neomycin 4,9 49 19,5 19,5 3125 3125
Gentamicin 2,44 2,44 9,8 9,8 39,1 9,8

OPG alone did not demonstrate any clinically relevant
antibacterial activity, with a MIC > 1024 pug/mL for all of
the bacterial strains tested—indicating that the body fat of
this turtle is inefficient when used alone in treating bacterial
infections. When tested against fungal strains, the OPG
demonstrated a MIC > 1024 ug/mL against Candida albicans
ICB12 and MIC 128 ug/mL against C. krusei 6258, thus
demonstrating clinically relevant antifungal activity against
infections caused by the latter fungus. The OPG was also
tested for possible antibacterial and antifungal activity when
combined with commonly used antibiotics or antifungal
drugs. Tests to confirm possible synergisms between OPG
and aminoglycosides (Table 2) were negative against multi-
resistant strains of E. coli (EC27) and Staphylococcus aureus
(SA358). A synergistic effect was noted, however, against
Pseudomonas aeruginosa (PA22) when OPG was combined
with gentamicin. Tests of the modulation of antifungal drugs
when associated with OPG, likewise do not demonstrate
positive effects against Candida albicans ICB12 or Candida
krusei 6258 (both having MIC > 1024 pg/mL).

4, Discussion

The antibacterial and antifungal properties of several fatty
acids (FAs) were reported [25, 26] and according to Zheng
et al. [27], the mechanism of the antimicrobial activity is
related to the action of the unsaturated fatty acids affecting

the synthesis of the endogenous microbial fatty acids. The
OPG is composed mainly of unsaturated fatty acids (84,63%),
being the main component the palmitoleic and oleic acids
(58,39% and 15,7%, respectively). The high concentration of
unsaturated FAs is different when compared with the FAs
composition observed in the work of Scarlato and Gaspar
[28], but similar to the work of Gaspar and Silva [29], both
studying different parts of Podocnemis expansa.

The OPG when assayed alone against bacterial and fungal
strains demonstrated an clinically nonrelevant antimicrobial
activity against all strains, except against C. krusei, (MIC =
128 ug/mL). When the OPG was associated with antibiotics
and antifungal drugs, was observed a synergistic effect when
associated the OPG with the gentamicin against the strain
Pseudomonas aeruginosa (PA 22) (Table 2). In studies with
the body fat of the lizard Tupinambis merianae, Ferreira
et al. [30] demonstrated that besides the usage of this body
fat in the folk medicine against infectious diseases, this
product demonstrated non-antimicrobial activity when used
alone or associated with antibiotics. The body fat of T.
merianae presented 57 and 43% of unsaturated and saturated
FAs respectively. Possibly, the antimicrobial and modulatory
activity demonstrated by OPG can be due to the high percent
of unsaturated FAs detected in this work.

Our results demonstrated that the body fat of P geof-
froanus has antimicrobial and modulatory activities, this
work being the first report about a biological activity by this
product, validating its usage by the folk medicine and indi-
cating a clear relationship between the percent of unsaturated
fatty acids and this antimicrobial and modulatory activities.

5. Conclusion

The results of our work validate the antimicrobial and
modulatory activities of OPG and possibly, of other body
fats with high level of unsaturated fatty acids. Due this
fact, we recommend more studies to evaluate the use of the
body fat of P. geoffroanus against other diseases informed by
ethnopharmacological surveys.

Conflict of Interests

The authors declare that they have no competing interests

Acknowledgments

The authors would like to thank the Coordenagio de
Aperfeicoamento de Pessoal de Nivel Superior—CAPES
for the study grants awarded to Mario E. S. Cabral and
Didgenes Q. Dias; the Fundagdo Cearense de Apoio ao
Desenvolvimento Cientifico e Tecnolégico—FUNCAP for
the study grants awarded to Débora L. Sales and Olga P.
Oliveira, and for support provided to Waltécio O. Almeida
(process BPI-0112-2.05/08); IBAMA for the collecting per-
mits (Autorizagdo de coleta SISBIO—IBAMA: no. 30223-1,
process n° 76197587); and Robson W. Avila for identifying
the reptiles. We are grateful to the Conselho Nacional de



Desenvolvimento Cientifico e Tecnolégico—CNPQ (PQ-
311713-2012-2) for the research grant awarded to W. O.
Almeida and for the grant awarded to R. R. N. Alves and J.
G. M. da Costa.

References

(1]

(2]

(5]

(6]

(8]

Z. Zhou and Z. Jiang, “International trade status and crisis for
snake species in China,” Conservation Biology, vol. 18, no. 5, pp.
1386-1394, 2004.

M. M. Mahawar and D. P. Jaroli, “Animals and their prod-
ucts utilized as medicines by the inhabitants surrounding the
Ranthambhore National Park, India,” Journal of Ethnobiology
and Ethnomedicine, vol. 2, article 46, pp. 1-5, 2006.

P. E. Viazquez, R. M. Méndez, O. G. R. Guiascon, and E. J. N.
Pinera, “Uso medicinal de la fauna silvestre em los Altos de
Chiapas, México,” Interciencia, vol. 31, no. 7, pp. 491-499, 2006.

J. Fretey, G. H. Segniagbeto, and M. Soumah, “Presence of sea
turtle in traditional pharmacopoeia and beliefs of West Africa,”
Marine Turtle Newsletter, vol. 116, pp. 23-225, 2007.

M. L. V.Silva, A. G. C. Alves, and A. V. Almeida, “A zooterapia
no Recife (Pernambuco): uma articulagdo entre as praticas e a
histéria,” Biotemas, vol. 17, pp. 11-95, 2004.

R. R. N. Alves, G. A. Pereira-Filho, K. S. Vieira, G. G. Santana,
W. L. S. Vieira, and W. O. Almeida, “Répteis e as populagdes
humanas no Brasil: uma abordagem ethnoherpetoldgica,” in A
Etnozoologia No Brasil: Importdncia, Status Atual e Perspectivas,
R.R.N. Alves, W. M. S. Souto, and J. S. Mourdo, Eds., pp. 121-147,
Nupeea, Recife, Brazil, 2010.

E S. Ferreira, S. V. Brito, S. C. Ribeiro, W. O. Almeida,
and R. R. N. Alves, “Zootherapeutics utilized by residents
of the community Pogo Dantas, Crato-CE, Brazil,” Journal of
Ethnobiology and Ethnomedicine, vol. 5, article 21, pp. 21-31,
2009.

F. S. Ferreira, A. V. Brito, S. C. Ribeiro, A. A. F. Saraiva, W. O.
Almeida, and R. R. N. Alves, “Animal-based folk remedies sold
in public markets in Crato and Juazeiro do Norte, Ceard, Brazil,”
BMC Complementary and Alternative Medicine, vol. 9, article 17,
pp. 17-24, 2009.

F L. Souza, “Uma revisio sobre padroes de atividade,
reprodugdo e alimenta¢do de cdgados brasileiros (Testudines,
Chelidae),” Phyllomedusa, vol. 3, no. 1, pp. 15-27, 2004.

E B. Molina, “Observagdes sobre os habitos e o comporta-
mento alimentar de Phrynops geoffroanus (Schweigger, 1812) em
cativeiro (Reptilia, Testudines, Chelidae),” Revista Brasileira de
Zoologia, vol. 7, no. 3, pp. 319-326, 1991.

J. B. Iverson, A Revised Checklist with Distribution Maps of the
Turtles of the World, Richard Privately Printed, 1992.

E L. Souza, “Geographical distribution patterns of South Amer-
ica side-necked turtles (Chelidae), with emphasis on Brazilian
species,” Revista Espandla de Herpetologia, vol. 19, pp. 33-46,
2005.

P. C. H. Pritchard and P. Trebbau, The Turtles of Venezuela,
Society for the Study of Amphibians and Reptiles, Oxford, UK,
1984.

E. M. Costa-Neto, “Faunistic resources used as medicine by an
Afro-Brazilian community from Chapada Diamantina National
Park, State of Bahia. Brazil,” Sitientibus, vol. 15, pp. 211-219, 1996.
E D. B. P. Moura and J. G. W. Marques, “Folk medicine using
animals in the Chapada Diamantina: incidental medicine?”
Ciencia & Saude Coletiva, vol. 13, no. 2, pp. 2179-2188, 2008.

Evidence-Based Complementary and Alternative Medicine

(16]

(18]

(19]

(20]

[27]

(30]

R.R.N. Alves, N. A. Léo Neto, G. G. Santana, W. L. S. Vieira, and
W. O. Almeida, “Reptiles used for medicinal and magic religious
purposes in Brazil,” Applied Herpetology, vol. 6, no. 3, pp. 257-
274, 2009.

P. Auricchio and M. G. Salomao, Técnicas de Coleta e Preparacio
de Vertebrados Para Fins Cientificos e Didaticos, Instituto Pau
Brasil de Histdria Natural, Sao Paulo, Brazil, 2002.

E A. B. Viana, Guia Terapéutico Veterindrio, Gréfica e editora
CEM Ltda, Belo Horizonte, Brazil, 2003.

L. Hartman and R. Lago, “Rapid preparation of fatty acid methyl
esters from lipids,” Laboratory Practice, vol. 22, no. 7, pp. 475-
476,1973.

J. W. Alencar, A. A. Craveiro, and F. J. A. Matos, “Kovats’ indices
as a preselection routine in mass spectra library searches of
volatiles,” Journal of Natural Products, vol. 47, no. 5, pp. 890-
892, 1984.

E. Stenhagen, S. Abrahamson, and E W. Mclafferty, Registry of
Mass Spectra Data Base, Government Printing Office, Washing-
ton, DC, USA, 1974.

R. P. Adams, Identification of Essential Oil Components by
Gas Chromatography/Quadrupole Mass Spectroscopy, Allured
Publishing Corporation, Carol Stream, IlI, USA, 2001.

H. D. M. Coutinho, L. N. Cordeiro, and K. P. Bringel, “Antibiotic
resistance of pathogenic bacteria isolated from the population
of Juazeiro do Norte-Ceard,” Revista Brasileira de Ciéncias da
Satide, vol. 9, pp. 127-138, 2005.

M. M. Javadpour, M. M. Juban, W.-C. J. Lo et al, “De novo
antimicrobial peptides with low mammalian cell toxicity;
Journal of Medicinal Chemistry, vol. 39, no. 16, pp. 3107-3113,
1996.

M. O. Nobre, P. S. Nascente, M. C. Meireles, and L. Ferreiro,
“Drogas antiftingicas para pequenos e grandes animais,” Ciéncia
Rural, vol. 32, no. 1, pp. 175-184, 2002.

G. Agoramoorthy, M. Chandrasekaran, V. Venkatesalu, and
M. J. Hsu, “Antibacterial and antifungal activities of fatty acid
methyl esters of the blind-your-eye mangrove from India,
Brazilian Journal of Microbiology, vol. 38, no. 4, pp. 739-742,
2007.

C.J.Zheng,]J.-S. Yoo, T.-G. Lee, H.-Y. Cho, Y.-H. Kim, and W.-G.
Kim, “Fatty acid synthesis is a target for antibacterial activity of
unsaturated fatty acids,” FEBS Letters, vol. 579, no. 23, pp. 5157-
5162, 2005.

R. C. Scarlato and A. Gaspar, “Composi¢do nutricional do casco
da tartaruga (Podocnemis expansa) criada em cativeiro e em
idade de abate,” Ciéncia e Tecnologia de Alimentos, vol. 27, pp.
41-44, 2007.

A. Gaspar and T. J. P. Silva, “Composi¢do nutricional da carne
da tartaruga-da-Amazonia (Podocnemis expansa) criada em
cativeiro e em idade de abate,” Revista do Instituto Adolfo Lutz,
vol. 68, no. 3, pp. 419-425, 20009.

F. S. Ferreira, S. V. Brito, J. G. M. Costa, R. R. N. Alves, H. D. M.
Coutinho, and W. D. O. Almeida, “Is the body fat of the lizard
Tupinambis merianae effective against bacterial infections?”
Journal of Ethnopharmacology, vol. 126, no. 2, pp. 233-237, 2009.



